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1
HYBRID VEHICLE HAVING BOOST
CONVERTER AND CONTROL METHOD OF
A HYBRID VEHICLE HAVING A BOOST
CONVERTER

PRIORITY INFORMATION

This application claims priority to Japanese Patent Appli-
cation No. 2014-012828 filed on Jan. 27, 2014, which is
incorporated herein by reference in its entirety.

BACKGROUND

1. Technical Field

The present invention relates to a configuration of a hybrid
vehicle mounted with an engine, an electric motor, and a
power generator.

2. Related Art

Recently, hybrid vehicles mounted with an engine, an elec-
tric motor, and a power generator are widely used in various
methods, including where a hybrid vehicle is driven by the
combination of an engine output and an electric motor output
depending on running conditions; and where while charging
a battery by driving an electric motor with some of the engine
output, a vehicle is driven by the combination of the remain-
ing engine output and the electric motor output; and further
where by driving a power generator with engine output, the
generated power is used to drive an electric motor to drive a
vehicle. In many cases of such a hybrid vehicle, DC low
voltage of a battery is boosted to DC high voltage by a boost
converter, and the boosted voltage is supplied to an electric
motor or a power generator and further to each of inverters
which transfer electric power to or from the electric motor or
the power generator, and the electric motor is driven by con-
verting the DC power to three-phase AC power used to drive
the electric motor by each inverter, or the three-phase AC
power generated by the power generator is converted to DC
power.

The boost converter is used to turn ON or OFF a switching
device and to boost DC low voltage of a battery by using
stored energy in a reactor to output DC high voltage. Accord-
ingly, a boost loss occurs from the ON and OFF operation of
the switching device. The boost loss increases along with the
increase in output electric power and boost ratio (ratio of the
DC high voltage to the DC low voltage) of the boost con-
verter, while the boost loss decreases along with the decrease
of the output voltage and the boost ratio. Even when the
output power of the boost converter is zero, indicating a no
load state, the boost loss (switching loss) does not decrease
down to zero as long as the switching device continues to be
turned ON and OFF.

Ina hybrid vehicle, when the vehicle is running, for
example, with the electric power generated by the power
generator being balanced with the electric power consumed
by the electric motor, because the electric motor can be driven
by the electric power generated by the power generator with-
out supplying the DC high voltage obtained by boosting the
DC low voltage of a battery, the vehicle can continue running
while maintaining the DC high voltage of the inverter at the
current state. In this case, as the boost converter has no load,
it may appear to be possible to improve the system efficiency
of the hybrid vehicle by stopping the operation of the boost
converter to reduce the boost loss (switching loss). However,
because it is unlikely that the electric power consumed by the
electric motor and the electric power generated by the power
generator are completely balanced, if the boost converter is
stopped when, for example, the electric power consumed by
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the electric motor is slightly larger than the electric power
generated by the power generator, the DC high voltage of the
inverter will gradually decrease. Therefore, methods are pro-
posed to maintain the DC high voltage of the inverter at a
target voltage by stopping the operation of the boost converter
and by correcting the output torque of the electric motor so as
to maintain the output power of the power generator at a
constant level to minimize the deviation of the DC high volt-
age of the inverter from the target voltage when the electric
power generated by the power generator and the electric
power consumed by the electric motor are substantially bal-
anced (refer to, for example, JP 2011-15603 A).

SUMMARY

In the conventional art described in JP 2011-15603 A,
because the output electric power of a power generator cannot
be changed, when the electric power output to the power
generator is increased in response to a request while the boost
converter is at a halt, it is impossible to compensate the
increased electric power output to the power generator.
Accordingly, the DC high voltage of the inverter decreases.
Because it is impossible to maintain the predetermined DC
high voltage, it is required to immediately restart the boost
converter in response to a receipt of the request to increase the
electric power output to the power generator. In other words,
in the conventional art described in JP 2011-15603 A, because
it is impossible to meet both of the requests to increase the
electric power output to the power generator and to stop the
boost converter at the same time, the time to maintain the
boost converter at a halt becomes shorter. Therefore, there has
been a problem that the system efficiency of hybrid vehicles
cannot be sufficiently improved.

The present invention has an object to advantageously
improve the system efficiency of a hybrid vehicle by main-
taining a boost converter at a halt for a sufficiently long
period.

A hybrid vehicle according to the present invention is
characterized by including a battery; a boost converter con-
nected to the battery; a first inverter connected to the boost
converter; a second inverter connected to the boost converter
and the first inverter; a power generator connected to the first
inverter; an electric motor connected to the second inverter;
an engine capable of driving the power generator; and a
controller which starts and stops the boost converter, wherein
the controller includes a boost converter stop unit which stops
the boost converter when electric power transferred between
the battery and the boost converter is equal to or below a
predetermined threshold, and drives the power generator by
the engine when an actual boost voltage of the boost converter
reaches a predetermined threshold.

In a hybrid vehicle according to the present invention, it is
preferable that the controller includes an engine output
adjustment unit which changes an engine output in accor-
dance with a deviation of the actual boost voltage of the boost
converter from a target boost voltage.

In a hybrid vehicle according to the present invention, it is
preferable that the controller includes a boost converter
restart unit which restarts the boost converter when the actual
boost voltage does not increase even by increasing the engine
output.

A hybrid vehicle according to the present invention is
characterized by including a battery; a boost converter con-
nected to the battery; a first inverter connected to the boost
converter; a second inverter connected to the boost converter
and the first inverter; a power generator connected to the first
inverter; an electric motor connected to the second inverter;
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an engine capable of driving the power generator; and a
controller which includes a CPU and starts and stops the boost
converter, wherein the controller executes, using the CPU, a
boost converter stop program which stops the boost converter
when electric power transferred between the battery and the
boost converter is equal to or below a predetermined thresh-
old, and drives the power generator by the engine when an
actual boost voltage of the boost converter reaches a prede-
termined threshold.

A control method of a hybrid vehicle according to the
present invention is characterized in that the hybrid vehicle
includes a battery; a boost converter connected to the battery;
a first inverter connected to the boost converter; a second
inverter connected to the boost converter and the first inverter;
a power generator connected to the first inverter; and an
electric motor connected to the second inverter; an engine
capable of driving the power generator, wherein the boost
converter is stopped when electric power transferred between
the battery and the boost converter is equal to or below a
predetermined threshold, and the power generator is driven
by the engine when an actual boost voltage of the boost
converter reaches a predetermined threshold.

The present invention has an advantage that the system
efficiency of a hybrid vehicle can be efficiently improved by
maintaining a boost converter at a halt for a sufficiently long
period.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a system diagram showing a configuration of a
hybrid vehicle according to an embodiment of the present
invention.

FIG. 2 is an illustrative diagram showing flows of motive
power, electric power, and electric current of a hybrid vehicle
according to an embodiment of the present invention.

FIG. 3 is a flowchart showing operations of a hybrid
vehicle according to an embodiment of the present invention.

FIG. 4A is a graph showing changes in electric current of a
battery over time during the operation shown in FIG. 3.

FIG. 4B is a graph showing changes in DC high voltage
over time during the operation shown in FIG. 3.

FIG. 4C is a graph showing changes in a boost loss and a
system fuel consumption rate over time during the operation
shown in FIG. 3.

FIG. 4D is a graph showing changes in electric power
supply to a second motor generator and generated power of a
first motor generator over time during the operation shown in
FIG. 3.

FIG. 4E is a graph showing changes in an engine output
over time during the operation shown in FIG. 3.

FIG. 5 is a graph showing changes in operation points of an
engine of a hybrid vehicle according to an embodiment of the
present invention.

FIG. 6 is a graph showing changes in an engine fuel con-
sumption rate at the operation points of the engine shown in
FIG. 5.

FIG. 7 is graph showing loss characteristics of a boost
converter mounted on a hybrid vehicle according to an
embodiment of the present invention.

FIG. 8 is a flowchart showing other operations of a hybrid
vehicle according to an embodiment of the present invention.

FIG. 9A is a graph showing changes in electric current of a
battery over time during the operation shown in FIG. 8.

FIG. 9B is a graph showing changes in DC high voltage
over time during the operation shown in FIG. 8.
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FIG. 9C is a graph showing changes in a boost loss and a
system fuel consumption rate over time during the operation
shown in FIG. 8.

FIG. 9D is a graph showing changes in electric power
supply to a second motor generator and generated power of a
first motor generator over time during the operation shown in
FIG. 8.

FIG. 9E is a graph showing changes in engine output over
time during the operation shown in FIG. 8.

DETAILED DESCRIPTION

Embodiments of the present invention are described below
with reference to the attached drawings. As shown in FIG. 1,
ahybrid vehicle 100 according an embodiment of the present
invention is provided with a battery 10 which is a recharge-
able and dischargeable secondary battery, a boost converter
20 connected to the battery 10, a first inverter 30 connected to
the boost converter 20, a second inverter 40 connected to the
boost converter 20 and the first inverter 30, a first motor
generator 50 which is a power generator connected to the first
inverter 30, a second motor generator 60 which is a power
generator connected to the second inverter 40, an engine 70
capable of driving the first motor generator 50, and a control-
ler 90 which controls the engine 70, the boost converter 20,
and the first and the second inverters 30, 40.

As shown in FIG. 1, the hybrid vehicle 100 is further
provided with a motive power distribution mechanism 72
which distributes the output torque of the engine 70 between
an output shaft 73 connected to the second motor generator 60
and the first motor generator 50, a drive gear device 74 con-
nected to the output shaft 73, an axle 75 connected to the drive
gear device 74, and wheels 76 connected to the axle 75. The
first and second motor generators 50, 60 and the engine 70 are
respectively provided with resolvers 51, 61, 71, each of which
senses a rotation angle or rotation speed of a rotor or crank-
shaft. Further, the axle 75 is provided with a vehicle speed
sensor 86 which senses the vehicle speed of the hybrid vehicle
100 by sensing the number of rotations of the axle.

The boost converter 20 is provided with a negative-side
electrical path 17 connected to the negative side of the battery
10, a low-voltage electrical path 18 connected to the positive
side of the battery 10, and a high-voltage electrical path 19 at
apositive-side output end of the boost converter 20. The boost
converter 20 is provided with an upper arm switching device
13 positioned between the low-voltage electrical path 18 and
the high-voltage electrical path 19, a lower arm switching
device 14 positioned between the negative-side electrical
path 17 and the low-voltage electrical path 18, a reactor 12
positioned in series in the low-voltage electrical path 18, and
a reactor current sensor 84 which senses reactor current IL
flowing through the reactor 12, a filter capacitor 11 positioned
between the low-voltage electrical path 18 and the negative-
side electrical path 17, and a low voltage sensor 82 which
senses DC low voltage VL at both ends of the filter capacitor
11. Further, the switching devices 13, 14 are respectively
provided with diodes 15, 16 which are connected in anti-
parallel. The boost converter 20 stores electrical energy from
the battery 10 in the reactor 12 by turning ON the lower arm
switching device 14 and turning OFF the upper arm switching
device 13. Then, the boost converter 20 boosts the voltage by
using the stored electrical energy in the reactor 12 by turning
OFF the lower arm switching device 14 and turning ON the
upper arm switching device 13 to supply boosted DC high
voltage VH to the high-voltage electrical path 19.

The battery 10 is mounted with a battery voltage sensor 81
which senses a battery voltage VB. A battery current sensor



US 9,272,704 B2

5

83 is also attached to the low-voltage electrical path 18
between the battery 10 and the boost converter 20 for sensing
a battery current IB flowing between the battery 10 and the
boost converter 20.

The first inverter 30 and the second inverter 40 are provided
with a common high-voltage electrical path 22 connected to
the high-voltage electrical path 19 of the boost converter 20
and a common negative-side electrical path 21 connected to
the negative-side electrical path 17 of the boost converter 20.
A smoothing capacitor 23 which smoothens the DC current
supplied from the boost converter 20 is connected between
the high-voltage electrical path 22 and the negative-side elec-
trical path 21. The DC high-voltage VH which is boost volt-
age supplied to the inverters 30, 40 is sensed by a high-voltage
sensor 85 which senses voltage at both ends of the smoothing
capacitor 23. Therefore, the DC high-voltage VH sensed by
the high-voltage sensor 85 is an actual boost voltage (actual
boost voltage VHr). Accordingly, in the present embodiment,
the actual boost voltage VHr supplied to each of the first and
the second inverters 30, 40 is the same voltage. The first
inverter 30 converts DC power supplied from the boost con-
verter 20 to the first three-phase AC power, and supplies the
first three-phase AC power to the first motor generator 50. The
first inverter 30 further converts the first three-phase AC
power generated by the first motor generator 50 to DC power,
and charges the DC power to the battery 10 via the boost
converter 20, or supplies the converted DC power to the
second inverter 40. The second inverter 40 converts the DC
power supplied from the boost converter 20 to the second
three-phase AC power, and supplies the second three-phase
AC power to the second motor generator 60. The second
inverter 40 further converts the second three-phase AC power
generated by the second motor generator 60 to DC power, and
charges the DC power to the battery 10 via the boost converter
20, or supplies the converted DC power to the first inverter 30.

The first inverter 30 internally includes two switching
devices, each at an upper arm and a lower arm of each of U, V,
W phases, and thus six switching devices 31 are provided in
total. Each switching device 31 includes a diode 32 connected
in anti-parallel (in FIG. 1, one of the six switching devices and
one of the diodes are shown, while the other switching
devices and the diodes are omitted). Output lines 33, 34, 35
which output electric current in respective phases (U, V, or W)
are connected between the upper arm switching device and
the lower arm switching device of each of the U, V, and W
phases of the first inverter 30. Each of the output lines 33, 34,
35 is connected to an input terminal of each of the U, V, and
W phases of the first motor generator 50. Further, in the
present embodiment, the V-phase and W-phase output lines
34, 35 respectively include current sensors 53, 52, which
respectively sense the electric current of the V-phase and
W-phase output lines 34, 35. It should be noted that although
no current sensor is attached to the U-phase output line 33, the
U-phase current value can be obtained based on the V-phase
and W-phase current values because, in three-phase AC cur-
rent, the sum of the U-phase, V-phase, and W-phase electric
current is zero.

The configurations of the second inverter 40 (including
switching device 41, diode 42, and output lines 43, 44, 45)
and the electric sensors 62, 63 are respectively identical to
those of the first inverter 30 and the current sensors 52, 53.
Thehybrid vehicle 100 is further provided with an accelerator
pedal depression amount sensor 87 and a brake pedal depres-
sion amount sensor 88 which respectively sense a depression
amount of an accelerator pedal and a brake pedal.

As shown in FIG. 1, the controller 90 is a computer includ-
ing a CPU 91 which performs operations and information
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6

processing, a storage unit 92, and a device-sensor interface
93, all of which are connected via a data bus 99. The storage
unit 92 stores control data 97, a control program 98, a boost
converter stop program 94 (described further below, and also
referred to as “boost converter stop unit”), an engine output
adjustment program 95 (also referred to as “engine output
adjustment unit”), and a boost converter restart program 96
(also referred to as “boost converter restart unit”). The above
described switching devices 13, 14 of the boost converter 20
and the switching devices 31, 41 of the first and the second
inverters 30, 40 are connected to the controller 90 via the
device-sensor interface 93 and configured to be operated in
response to commands from the controller 90. Further, out-
puts from each sensor (the battery voltage sensor 81, the low
voltage sensor 82, the high-voltage sensor 85, the battery
current sensor 83, the reactor current sensor 84, the current
sensors 52, 53, 62, 63, the resolvers 51, 61, 71, the vehicle
speed sensor 86, the accelerator pedal depression amount
sensor 87, and the brake pedal depression amount sensor 88)
are supplied to the controller 90 via the device-sensor inter-
face 93.

Basic operations of the hybrid vehicle 100 are briefly
described below with reference to FIG. 2 before describing
operations of the hybrid vehicle 100 configured as described
above when the boost converter is at a halt. Although the
hybrid vehicle 100 is provided with various drive modes, a
drive mode in which the hybrid vehicle 100 is driven by
outputs from the engine 70 and the second motor generator 60
is described below.

The engine 70 outputs an engine output Pe and an engine
torque Te. The engine torque Te is distributed by the motive
power distribution mechanism 72 to a first torque Tg which is
used to drive the first motor generator 50 and a directly-to-
engine torque Td which is used to drive the wheels 76 via the
output shaft 73 and the drive gear device 74. As the motive
power distribution mechanism 72, a planetary gear system or
the like may be used. Serving as a power generator, the first
motor generator 50 is driven by the first torque Tg from the
motive power distribution mechanism 72 and outputs gener-
ated power Pg which is three-phase AC power to the first
inverter 30. The first inverter 30 converts the supplied AC
generated power Pg to DC power as DC high power and
outputs the converted power to the high-voltage electrical
path 22 and the negative-side electrical path 21. The output
DC current Is is supplied to the second inverter 40 via the
smoothing capacitor 23.

The battery current IB of battery voltage VB supplied from
the battery 10 is charged into a filter capacitor 11 of the boost
converter 20 such that the voltage at both ends of the filter
capacitor 11 becomes DC low voltage VL. Therefore, when
the battery 10 and the boost converter 20 are connected with
the filter capacitor 11 which has been charged, the battery
voltage VB becomes equal to the DC low voltage VL. As
described above, the boost converter 20 stores electric energy
from the battery 10 in the reactor 12 by turning the lower arm
switching device 14 ON and the upper arm switching device
13 OFF. Then, the boost converter 20 boosts the voltage with
the electric energy stored in the reactor 12 by turning the
lower arm switching device 14 OFF and the upper arm
switching device 13 ON, and outputs boosted DC high volt-
age VH to the high-voltage electrical path 19. At this time, the
electric power of (battery voltage VBxbattery current IB) or
(DC low voltage VLxreactor current IL) is supplied to the
boost converter 20 from the battery 10. The boost converter 20
outputs this supplied electric power as electric power of (DC
high voltage VHxaverage current Th). The controller 90 con-
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trols the ON/OFF duty of each of the switching devices 13, 14
to adjust the DChigh voltage VH to be the target boost voltage
VH,.

The DC current Th of the DC high voltage VH output from
the boost converter 20 is merged with the DC current s of the
DC high voltage VH output from the first inverter 30 and then
supplied to the second inverter 40. The second inverter 40
converts the DC power of the supplied DC high voltage VH
and the DC current (Is+1h) to three-phase AC power supply
Pm, and supplies the converted power to the second motor
generator 60 which serves as a motor. The second motor
generator 60 is driven by the power supply Pm and supplies
motor torque Tm to the output shaft 73. The above described
directly-to-engine torque Td and the motor torque Tm are
supplied to the output shaft 73. The total torque Ta of the
directly-to-engine torque Td and the motor torque Tm are
transmitted to the drive gear device 74. The wheels 76 are
driven by the total torque Ta of the directly-to-engine torque
Td and the motor torque Tm, respectively output from the
engine 70 and the second motor generator 60. It should be
noted that in the description below, it is assumed that the
electric power towards each of the motor generators 50, 60 is
positive, while the electric power from each of the motor
generators 50, 60 to each of the inverters 30, 40 is negative.
Therefore, the generated power Pg of the first motor generator
50 is negative and the power supply Pm supplied to the second
motor generator 60 is positive.

When the motive power required for the hybrid vehicle 100
is low, the DC power of the DC high voltage VH and the DC
current Is output from the first inverter 30 are not supplied to
the second inverter 40 but stepped-down by the boost con-
verter 20 and charged to the battery 10. Further, during brak-
ing the hybrid vehicle 100, the second motor generator 60 also
serves as a power generator, and the generated AC power
(negative) is converted by the second inverter 40 to DC power
and charged to the battery 10.

Next, with reference to FIGS. 3 to 7, operations of a hybrid
vehicle 100 according to the present invention are described
below, including operations to stop the boost converter 20,
adjusting operations of the engine output Pe with the boost
converter 20 at a halt when the absolute value of the power
supply Pm (positive) supplied to the second motor generator
60 is larger than the absolute value of the generated power Pg
(negative) generated by the first motor generator 50, and
restarting operations of the boost converter 20. It should be
noted that OP, to OP; and OP; in FIGS. 4C and 4FE respec-
tively correspond to the operation points OP, to OP;, and OP,
of the engine 70 shown in FIGS. 5 and 6.

At time zero (initial state) shown in FIGS. 4A to 4E, the
boost converter 20 is in operation, and the actual boost voltage
VHr which is the DC high voltage VH sensed by the high-
voltage sensor 85 is equal to the target boost voltage VH . The
engine 70 is operated at an operation point OP' with the
engine output Pe=Pe (refer to FIG. 5). As shown in FIG. 4D,
the first motor generator 50 is driven as a power generator by
the engine 70. The generated power Pg is Pg, (negative). As
described above with reference to FIG. 2, the generated
power Pg, is converted by the first inverter 30 to DC power of
the target boost voltage VH, and the DC current Is (VH, xIs)
and supplied to the second inverter 40. Further, at time zero
(initial state), the battery current IB output from the battery 10
is I,. Because the voltage of the battery 10 is the battery
voltage VB, the DC power of (battery voltage VBxI,) is
supplied from the battery 10 to the boost converter 20. The
total DC power of the DC power from the first inverter 30
(VH,xIs) and the DC power from the battery 10 (battery
voltage VBxI,) is supplied to the second inverter 40, which
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converts the total DC power to the power supply Pm (positive)
supplied to the second motor generator 60 and outputs the
converted power. In other words, in order to compensate the
difference between the absolute value of the power supply Pm
(positive) supplied to the second motor generator 60 and the
absolute value of the generated power Pg (negative) of the
first motor generator 50, the DC power of (battery voltage
VBxI,) is supplied from the battery 10 to the boost converter
20. Accordingly, the total power SP of the generated power Pg
(negative) of the first motor generator 50 and the power sup-
ply Pm (positive) supplied to the second motor generator 60 is
Pg, (negative)+Pm, (positive)=SP, (positive). As shown in
FIG. 4D, because the absolute value of Pm,>the absolute
value of Pg, at time zero, SP,, is positive.

Further, as shown by the solid line in FIG. 4C, the boost
loss (switching loss) Lc of the boost converter 20 at time zero
is Lc,. Because the engine 70 is operated at an operation point
OP,, the engine fuel consumption rate Fe is Fe, as shown in
FIG. 6. In the present embodiment, the system fuel consump-
tion rate Fs (reciprocal of the system efficiency) of the hybrid
vehicle 100 is defined as the sum of the engine fuel consump-
tion rate Fe shown in FIG. 6 and a boost fuel consumption rate
Fc which is obtained by converting the boost loss L.c shown in
FIG. 7 to the system fuel consumption rate. Accordingly, the
following equation can be defined:

System fuel consumption rate Fs=Engine fuel con-
sumption rate Fe+Boost fuel consumption rate Fc

Therefore, as shown by the broken line in FIG. 4C, the system
fuel consumption rate Fs,, at time zero is the sum of the engine
fuel consumption rate Fe, at the operation point OP, of the
engine 70 and the boost fuel consumption rate Fc, which is
obtained by converting the boost loss Lc, to the fuel con-
sumption rate (Fs,=Fe, +Fc,).

The controller 90 performs the boost converter stop pro-
gram 94 (boost converter stop unit) shown in FIG. 1. First, as
shown in step S101 in FIG. 3, the controller 90 obtains the
battery current IB by the battery current sensor 83. As
described above, at time zero shown in FIGS. 4A to 4E, in
order to compensate the difference between the absolute
value of the power supply Pm (positive) supplied to the sec-
ond motor generator 60 and the absolute value of the gener-
ated power Pg (negative) generated by the first motor genera-
tor 50, the DC power of (battery voltage VBxI,) is supplied
from the battery 10 to the boost converter 20.

As shown in step S102 in FIG. 3, the controller 90 com-
pares the battery current IB sensed by the battery current
sensor 83 and a threshold I,. The threshold I, is such a current
value that because the battery current IB is very low, the DC
power output from the boost converter 20 (battery voltage
VBx],) can be assumed to be about zero. As shown in step
S102 in FIG. 3, when the battery current IB is not less than or
equal to the threshold I, the controller 90 returns to step S101
in FIG. 3 to continue monitoring of the battery IB.

When the output torque command of the second motor
generator 60 is low as shown in a period from time zero to
time T, in FIG. 4D, the power supply Pm supplied to the
second motor generator 60 gradually decreases from Pm,, at
time zero. Along with this decrease, the battery current 1B
also gradually decreases from I, at time zero. Because the
engine 70 is operated at the operation point OP; shown in
FIG. 5 during this period, the engine output Pe is constant at
Pe, and the generated power of the first motor generator 50
driven by the engine 70 is also constant at Pg, as shown in
FIGS. 4D, 4E. Therefore, the total power SP of the generated
power Pg (negative) of the first motor generator 50 and the
power supply Pm (positive) supplied to the second motor
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generator 60 also gradually decreases from SP, at time zero.
‘When the total power SP of the generated power Pg (negative)
of the first motor generator 50 and the power supply Pm
(positive) supplied to the second motor generator 60
decreases down to near zero, the boost loss Lc¢ of the boost
converter 20 also decreases as shown in FIG. 7. Accordingly,
as shown by the solid line in FIG. 4C, the boost loss Lc
decreases from Lc, to Lc, during a period from time zero to
time t, . In this way, the system fuel consumption rate Fs also
gradually decreases from (Fs,=Fe, +Fc,) at time zero to
(Fs,=Fe,+Fc,). It should be noted here that the Fc, indicates
aboost fuel consumption rate which is obtained by converting
the boost loss Lc, to the fuel consumption rate.

When the power supply Pm supplied to the second motor
generator 60 decreases down to Pm' at time t; as shown in
FIG. 4D, the battery current IB decreases down to zero as
shown in FIG. 4A. Then, the controller 90 determines in step
S102 in FIG. 3 that the battery current IB is less than or equal
to the threshold I,, and issues a command to stop the boost
converter 20 as shown in step S103 in FIG. 3. In response to
this command, the upper arm switching device 13 and the
lower arm switching device 14 of the boost converter 20 are
turned OFF to disconnect the connection between the boost
converter 20 and each of the first and the second inverters 30,
40, and the boost converter stop program 94 (boost converter
stop unit) is exited.

Because the connection between the boost converter 20
and each of the first and the second inverters is disconnected
when the boost converter 20 is stopped at time t; in FIG. 4A,
no electric current flows from the battery 10 to the second
inverter 40. Accordingly, the battery current IB decreases
down to zero and the DC current supplied from the battery 10
to the second inverter 40 also decreases down to zero. The
power supply Pm supplied to the second motor generator 60
is the total power of the generated power Pg of the first motor
generator 50 and the discharged power Pc of the smoothing
capacitor 23. Further, because the switching devices 13, 14 of
the boost converter 20 are maintained to be OFF, the boost
loss Lc caused by switching decreases from Lc, to zero as
shown by the solid line in FIG. 4C. Accordingly, as shown by
the broken line in FIG. 4C, the system fuel consumption rate
Fs is reduced from the Fs,; (Fs,=Fe,+Fc,) to Fs,, which is
lowered for the amount of the boost fuel consumption rate Fc,
obtained by converting the boost loss Lc, (Fs,,=Fs,-Fc)).
Accordingly, because the system fuel consumption rate Fs is
reduced for the amount of the boost fuel consumption rate
Fc,, the system efficiency is improved. Because the system
fuel consumption rate Fs becomes equal to the engine fuel
consumption rate Fe when the boost converter 20 is stopped
as shown in FIG. 4C, the equation is defined as Fs,,=Fe;.
Even when the boost converter 20 is stopped at time t,, the
actual boost voltage VHr which is the voltage at both ends of
the smoothing capacitor 23 sensed by the high-voltage sensor
85 is maintained at the target boost voltage VH |, which is the
boost voltage before the boost converter 20 is stopped, by
using electric charge stored in the smoothing capacitor 23.

Because the engine 70 continues to operate at the operation
point OP, at which the engine output Pe is maintained at Pe,
as shown in FIG. 4E even when the boost converter 20 is
stopped at time T, the generated power Pg of the first motor
generator 50 is maintained at Pg,,, which is the same as at time
zero. Further, as shown in FIG. 4D, the output torque of the
second motor generator 60 is substantially constant, and the
power supply Pm (positive) supplied to the second motor
generator 60 is maintained at Pm,, which is the same as at
time t; when the boost converter 20 was stopped. It should be
noted here that because the absolute value of the power supply
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Pm, supplied to the second motor generator 60 at time t, is
larger than the absolute value of the generated power Pg,
(negative) of the first motor generator 50, the total power SP
of'both poweris SP, (=Pm, +Pg,) which is slightly in positive.

As described above, because, when the boost converter 20
is at a halt, the absolute value of the power supply Pm' sup-
plied to the second motor generator 60 is larger than the
absolute value of the generated power Pg, (negative) of the
first motor generator 50, the smoothing capacitor 23 dis-
charges the discharge power Pc to compensate the amount of
the total power SP,. Accordingly, as shown in FIG. 4B, the
actual boost voltage VHr gradually decreases from the target
boost voltage VH, after time T,.

After exiting the boost converter stop program 94 shown in
FIG. 1, the controller 90 starts executing the engine output
adjustment program 95 (engine output adjustment unit)
shown in FIG. 1 attime t; shown in FIG. 4E. The controller 90
senses the actual boost voltage VHr at both ends of the
smoothing capacitor 23 using the high-voltage sensor 85, as
shown in step S104 in FIG. 3. Then, the controller 90 deter-
mines whether or not the actual boost voltage VHr is less than
or equal to the first threshold voltage VH,, as shown in step
S105 in FI1G. 3. When the actual boost voltage VHr is not less
than or equal to the first threshold voltage VH,, the controller
90 returns to step S104 in FIG. 3 to continue monitoring of the
actual boost voltage VHr. As shown in FIG. 4B, when the
actual boost voltage VHr is equal to or below the first thresh-
old voltage VH, at time T, the controller 90 outputs a com-
mand to increase the engine output Pe, as shown in step S106
in FIG. 3.

As shown in step S107 in FIG. 3, the controller 90 calcu-
lates a deviation of the actual boost voltage VHr sensed by the
high-voltage sensor 85 from the target boost voltage VH,.
Because the actual boost voltage VHr sensed by the high-
voltage sensor 85 is equal to the first threshold voltage VH,, at
time t,, the deviation is obtained by (VH,-VH,). As shown in
step S108 in FIG. 3, the controller 90 calculates a suitable
increase of the engine output Pe in accordance with the
obtained deviation (VH,-VH,) and generates an output com-
mand to the engine. For example, the increase of the engine
output Pe may be set at a value in proportion to the deviation
(VH,-VH,). Then, as shown in step S109 in FIG. 3, the
controller 90 increases both of the engine output Pe and the
generated power Pg of the first motor generator 50.

With reference to FIGS. 5 and 6, relationships among the
rotation speed, engine torque Te, engine output Pe (kW), and
engine fuel consumption rate Fe of the engine 70 are
described below. The lines b, ¢, d, e, and fin FIG. 5 are curves
showing relationships between the rotation speed and engine
torque Te of the engine 70 when the engine output Pe is
maintained at a constant level at Pe,, Pe,, Pe;, Peg, or Pe,
(Peg<Pe,<Pe,<Pe;<Pe,). As shown in FIG. 5, the curves b to
f depart farther from the origin along with the increase of the
engine output Pe. Further, the line a in FIG. 5 shows an
optimal control curve in which the fuel consumption rate of
the engine 70 (fuel consumption rate with the vehicle in the
hybrid running mode) is minimum. In a normal operation, the
rotation speed and the engine torque Te of the engine 70 are
controlled along the line a. The rotation speed N, in FIG. 5 is
the idling rotation speed of the engine 70. In a normal opera-
tion, the engine 70 is operated at a rotation speed equal to or
over this rotation speed No. In FIG. 5, OP, to OP, are opera-
tion points of the engine 70. FIG. 6 shows changes in the
engine fuel consumption rate Fe of the engine 70 from the
operation points OP, to OP,.

At time t, in FIG. 4E, the engine 70 is operated at the
operation point OP, with the engine output Pe at Pe, and the
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engine rotation speed at N, . As indicated by the wide depar-
ture from the optimal control curve a, at the operation point
OP,, the efficiency of the engine 70 is low and the engine
consumption rate Fe is high at Fe, as shown in FIG. 6. As
described above, at time T, the deviation of the actual boost
voltage VHr sensed by the high-voltage sensor 85 from the
target boost voltage VH, is (VH,-VH,). The controller 90
sets the command value of the engine output Pe at Pe, based
on this deviation (VH,-VH,). Accordingly, the controller 90
increases the engine output Pe from Pe, at the operation point
OP, attime, to Pe,, as shown in FIG. 4E. The operation point
of the engine 70 moves to the operation point OP, with the
rotation speed N, and engine torque Te,. As shown in FIG. 5,
because the operation point OP, is on the operation control
curve a, the operation point OP, is more efficient than the
operation point OP, that has departed from the optimal con-
trol curve a such that, as shown in FIG. 6, the engine fuel
consumption rate Fe is Fe, which is below Fe,. Accordingly,
because, as shown by the broken line in FIG. 4C, the system
fuel consumption rate Fs decreases from Fs, |, (=Fe,) at which
the boost converter 20 was stopped at time t, to Fs, (=Fe,), the
system fuel consumption rate Fs of the hybrid vehicle 100 is
reduced for the amount of (Fs,,-Fs,)=(Fe,-Fe,). In other
words, the system fuel consumption rate Fs decreases for the
amount equal to the decrease of the engine fuel consumption
rate Fe caused by the increase of the output of the engine 70.
The system efficiency of the hybrid vehicle 100 increases for
the amount equal to this decrease. Further, because the engine
output is increased to Pe,, the generated power Pg of the first
motor generator 50 is increased from Pg, at time t, to Pg,. In
this way, the smoothing capacitor 23 is charged (the discharge
power Pc of the smoothing capacitor 23 becomes negative)
such that the voltage at both ends of the smoothing capacitor
23 increases. Accordingly, as shown in FIG. 4B, the actual
boost voltage VHr sensed by the high-voltage sensor 85
gradually increases after time t,.

Because the engine output Pe, is below the threshold Pe, of
the engine output Pe as shown in FIG. 4E (the threshold Pes
of the engine output Pe is described further below), in step
S110 in FIG. 3, the controller 90 determines that the engine
output Pe is not over the threshold Pas and the actual boost
voltage VHr is not decreasing, and returns to S107 in FIG. 3
to calculate a deviation of the actual boost voltage VHr sensed
by the high-voltage sensor 85 from the target boost voltage
VH,.

As shown in FIG. 4B, because the actual boost voltage VHr
sensed by the high-voltage sensor 85 increases after time t,,
the deviation of the actual boost voltage VHr sensed by the
high-voltage sensor 85 from the target boost voltage VH,
gradually decreases in comparison to the deviation (VH,-
VH,) at time t,. Accordingly, the controller 90 reflects the
deviation in the increase of the engine output Pe such that the
engine output Pe is controlled to be decreased from Pe, at
time T, along with the decrease in the deviation.

As shown in FIGS. 4E and 4B, during a period from time t,
to time t;, the actual boost voltage VHr sensed by the high-
voltage sensor 85 gradually increases towards the target boost
voltage VH,, while the engine output Pe gradually decreases.
The operation point of the engine 70 moves in a direction
departing from the optimal control curve a from the operation
point OP, at time t, towards the operation point OP; at which
the engine output Pe is at Pe,. Because, in this way, the engine
fuel consumption rate Fe increases from Fe, to Fe, as shown
in FIG. 6, the system fuel consumption rate Fs of the hybrid
vehicle 100 also increases from Fs, (=Fe,) immediately after
time T, for the amount equal to (Fs;-Fs,)=(Fe;-Fe,) in addi-
tion to Fs; (=Fe,) at time t;. Therefore, the system fuel con-
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sumption rate Fs increases, while the system efficiency of the
hybrid vehicle 100 decreases for the amount equal to this
increase.

As shown in FIGS. 4B, 4D, and 4E, when the engine output
Pe is at Pe; at t;, the generated power of the first motor
generator 50 becomes Pg, such that the absolute value of the
Pg, becomes equal to the absolute value of the power supply
supplied to the second motor generator 60. In other words, the
generated power Pg of the first motor generator 50 and the
power supply Pm supplied to the second motor generator 60
are in a balanced state. Accordingly, the discharge power Pc
of'the smoothing capacitor 23 becomes zero, while the actual
boost voltage VHr sensed by the high-voltage sensor 85 is
maintained at the target boost voltage VH, after reaching the
target boost voltage VH, .

When the driver steps on the accelerator pedal of the hybrid
vehicle 100 at time t,, in FIGS. 4A to 4E, the accelerator pedal
depression amount sensed by the accelerator pedal depres-
sion amount sensor 87 increases. Therefore, the controller 90
determines that a request to increase the drive torque has been
received and issues commands to increase the motor torque
Tm of the second motor generator 60 and the engine torque Te
of the engine 70. In response to these commands, the power
supply Pm supplied to the second motor generator 60 and the
engine output Pe are increased after t,, as shown in FIG. 4D.
When the accelerator pedal depression amount is not large,
the boost converter 20 can be maintained at a halt because it
is possible to maintain the generated power Pg of the first
motor generator 50 and the supplied power Pm supplied to the
second motor generator 60 in a balanced state by increasing
the engine torque Te to increase the generated power Pg of the
first motor generator 50.

In contrast, when the accelerator pedal depression amount
is large, the controller 90 determines that a request to signifi-
cantly increase the torque has been received and shifts to an
operation mode in which some of the engine torque Te is
applied to a directly-to-engine torque Td and the torque Ta
supplied to the drive gear device 74 is increased. Accordingly,
in the engine output Pe, the amount of output used for the
power generation of the first motor generator 50 gradually
decreases. Therefore, the amount of generated power Pg of
the first motor generator 50 decreases below the power supply
Pm supplied to the second motor generator 60. Because this
shortfall is supplemented by the discharged power Pc dis-
charged by the smoothing capacitor 23, the actual boost volt-
age VHr sensed by the high-voltage sensor 85 gradually
decreases. In this way, the deviation of the actual boost volt-
age VHr sensed by the high-voltage sensor 85 from the target
boost voltage VH, gradually increases, causing the engine
output Pe to be increased.

When the operation point of the engine 70 moves from the
operation point OP; at which the engine output is at Pea at
time t4 in the direction to increase the engine output Pe, the
controller 90 moves the operation point of the engine 70 to the
operation point OP, on the optimal control curve a. Then, the
controller 90 moves the operation point from OP, to OP,,, and
to OP5 along with the optimal control curve a shown in FIG.
5. As shown in FIG. 6, the engine fuel consumption rate Fe
becomes minimum when the rotation speed of the engine 70
is N,. After that, the engine fuel consummation rate Fe
increases along with an increase in the engine output Pe along
the optimal control curve a. Accordingly, as shown by the
broken line in FIG. 4C, although the system fuel consumption
rate Fs temporarily decreases due to a decrease in the engine
fuel consumption rate Fe immediately after the start of the
increase of the engine output Pe at time t,, the engine fuel
consumption rate F's gradually increases thereafter, caused by
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an increase in the engine consumption rate Fe which is
increased by continuously increasing the engine output Pe.
Then, at time t, the operation point reaches at OP, where the
engine fuel consumption rate Fe becomes Fe, which is equal
to the system fuel consumption rate Fs, before the boost
converter 20 was stopped at time t,. Accordingly, when the
engine output Pe is set equal to or over Pe,, the system fuel
consumption rate Fs of the hybrid vehicle 100 increases over
the system fuel consumption rate Fs, before the boost con-
verter 20 was stopped. Therefore, when the boost converter
20 is maintained at a halt, the system efficiency of the hybrid
vehicle 100 is reduced compared to when the boost converter
20 is in operation. As described above, the threshold Pes in the
engine output adjustment program 95 indicates an engine
output Pes at which a system efficiency deterioration starts
due to an increase of the engine fuel consumption rate Fe.

The controller 90 increases the engine output Pe in accor-
dance with the decrease in the actual boost voltage VHr
sensed by the high-voltage sensor 85 by executing steps S107
to S110 shown in FIG. 3 during a period from time T, to time
t5 at which the engine output Pe reaches the threshold Pe..
When the engine output Pe reaches the threshold Pes, the
controller 90 determines in step S110 shown in F1G. 3 that the
engine output Pe is equal to or over the threshold and that the
actual boost voltage VHr is not increasing but decreasing, and
exits the engine output adjustment program 95 (engine output
adjustment unit). As shown in step S111 in FIG. 3, the con-
troller 90 executes the boost converter restart program 96 to
restart the boost converter 20.

When restarted, the boost converter 20 boosts the DC low
voltage VL from the battery 10 to DC high voltage VH and
supplies the boosted voltage to the high-voltage electrical
path 22 such that a normal operation described above with
reference to FIG. 2 is performed with the smoothing capacitor
23 being charged and the actual boost voltage VHr being
increased to the target boost voltage VH;.

As described above, in the hybrid vehicle 100 according to
the present embodiment, it becomes possible to maintain, for
a long period, the system fuel consumption rate Fs of the
hybrid vehicle 100 below a level applied before the boost
converter 20 is stopped by increasing the generated power Pg
of'the first motor generator 50, which is a power generator, by
using the engine 70, and thus the system efficiency of the
hybrid vehicle 100 can be efficiently improved. Further, in the
present embodiment, because the engine output Pe is tempo-
rarily increased after the boost converter 20 is stopped, and
the DC high voltage VH is maintained at a constant level by
decreasing the engine output Pe in accordance with the devia-
tion of the actual boost voltage VHr sensed by the high-
voltage sensor 85 from the target boost voltage VH, to bal-
ance between the generated power Pg of the first motor
generator 50 and the power supply Pm supplied to the second
motor generator 60, the DC high voltage VH can be main-
tained at a constant level with the minimum required engine
output Pe. Therefore, the loss of the system of the hybrid
vehicle 100 as a whole can be lowered to the minimum.
Further, when the actual boost voltage VHr continues to
decrease, the boost converter 20 is restarted to perform a
normal operation so as to secure the drivability by restricting
shortage of the output from the second motor generator 60.

Although, in the above described embodiment, the boost
converter 20 is restarted only when the engine output Pe is set
equal to or over the threshold with the actual boost voltage
VHr decreasing, the boost converter 20 may be restarted by
exiting the engine output adjustment program 95 and execut-
ing the boost converter restart program 96 (boost converter
restart unit) even when the engine output Pe has not reached
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the threshold Pes ifthe actual boost voltage VHr sensed by the
high-voltage sensor 85 does not increase by increasing the
engine output Pe and the actual boost voltage is maintained at
or below the second threshold VH;. The second threshold
voltage VH; may be equal to or different from the first thresh-
old voltage VH,.

Next, with reference to FIGS. 8, and 9A to 9E, operations
of the hybrid vehicle 100 according to an embodiment of the
present invention are described concerning stopping the boost
converter 20, adjusting the engine output Pe with the boost
converter 20 at a halt when the absolute value of the power
supply Pm (positive) supplied to the second motor generator
60 decreases below the absolute value of the generated power
Pg (negative) generated by the first motor generator 50 imme-
diately after the boost converter 20 is stopped, and restarting
the boost converter 20. It should be noted that the operation
points OP,, and OP; to OP in FIGS. 9C and 9E correspond to
the operation points OP|, and OP5 to OP,, of the engine 70
shown in FIGS. 5 and 6. The operations identical to those
described above with reference to FIGS. 3, and 4A to 4E are
described simply below.

As shown in FIGS. 9A to 9E, the hybrid vehicle 100 oper-
ates at time zero with the battery current IB=I,, the DC high
voltage VH (actual boost voltage VHr)=VH,, the boost loss
Lc=Lc,, the engine output Pe=Pe,, the system fuel consump-
tion rate Fs=Fs,, the engine fuel consumption rate Fe=Fe,,
the power supply Pm to the second motor generator 60=Pm,,
and the generated power Pg of the first motor generator
50=Pg,, similarly to as shown in FIGS. 4A to 4E.

Similarly to steps S101 to S103 in FIG. 3, the controller 90
executes the boost converter stop program 94 (boost converter
stop unit) shown in FIG. 1, and monitors the battery current
IB by sensing the battery current IB with the high-voltage
sensor 85 as shown in steps S201 and S202 in FIG. 8. When
the battery current IB decreases down to or below the thresh-
o0ld I, the controller 90 stops the boost converter 20 as shown
in step S203 in FIG. 8 and exits the boost converter stop
program 94 (boost converter stop unit).

As shown in FIG. 9D, even when the boost converter 20 is
stopped at time T, the power supply Pm supplied to the
second motor generator 60 continues to decrease until the
power supply Pm is equal to Pm, at time t,' immediately after
time t,. Therefore, at time t', the absolute value (positive) of
the power supply Pm, supplied to the second motor generator
60 is below the absolute value of the generated power Pg,
(negative) of the first motor generator 50. Accordingly, the
total power SP of both of the power is SP,(=Pm,+Pg,) which
is slightly negative. Therefore, as shown in FIG. 9B, charging
to the smoothing capacitor 23 is started from time t at which
the boost converter 20 is stopped such that the actual boost
voltage VHr at both ends of the smoothing capacitor 23 is
started to increase from the target boost voltage VH;.

After exiting the boost converter stop program 94 shown in
FIG. 1, the controller 90 starts executing the engine output
adjustment program 95 (engine output adjustment unit)
shown in FIG. 1 at time t, shown in FIG. 9E. As shown in step
S204 in FIG. 8, the controller 90 senses the actual boost
voltage VHr at both ends of the smoothing capacitor 23.

As shown in step S205 in FIG. 8, the controller 90 calcu-
lates a deviation of the actual boost voltage VHr sensed by the
high-voltage sensor 85 from the target boost voltage VH,.
Then, as shown in step S206 in FIG. 8, the controller 90
calculates a sufficient amount of engine output Pe to be
increased in accordance with the obtained deviation and gen-
erates an output command value to the engine. Because the
actual boost voltage VHr sensed by the high-voltage sensor
85 at time t4 is at the target boost voltage VH,, the deviation
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becomes zero and the engine output command value to be
output becomes the engine output Peg at time t,. Then, the
controller 90 determines whether the engine output command
value is equal to or below the threshold value Pey and the
actual boost voltage VHr is increasing.

The threshold Peg is an engine output Pe such that the
engine fuel consumption rate Fe becomes equal to the system
fuel consumption rate Fs, applied before the boost converter
20 is stopped, and if the engine output Pe decreases to or
below the Peg, the system fuel consumption rate Fs of the
hybrid vehicle 100 increases over the system fuel consump-
tion rate Fs; which is the same as before the boost converter
20 is stopped. Accordingly, when the engine output Pe
decreases to or below the Pe, while maintaining the boost
converter 20 at a halt, the system efficiency of the hybrid
vehicle 100 is lowered compared to a case where the boost
converter 20 is in operation. As described above, the threshold
Peg in the engine output adjustment program 95 is an engine
output Pe at which the system efficiency starts to be lowered
due to a decrease in the engine fuel consumption rate Fe.

When the engine output Pe is maintained at Pe, whichis the
same as at time t,, the actual voltage VHr at both ends of the
smoothing capacitor 23 gradually increases from the target
boost voltage VH, as shown in the period between time t, to
time t, in FIG. 9B such that the deviation (negative) of the
actual boost voltage VHr from the target boost voltage VH,
also gradually increases. In this way, the engine output com-
mand value calculated by the controller 90 in step S206 in
FIG. 8 gradually decreases. When the engine command value
becomes equal to or below the threshold Peg, the controller 90
skips the step S208 shown in FIG. 8 and proceeds to step S209
in which the controller 90 adjusts the engine output while no
longer increasing the actual boost voltage VHr. As shown in
step S210 in FIG. 8, the controller 90 adjusts the generated
power Pg of the first motor generator 50. The engine output Pe
and the generated power Pg of the first motor generator 50 are
adjusted by changing the engine output Pe and the generated
power Pg of the first motor generator 50 in accordance with
the deviation of the actual boost voltage VHr from the target
boost voltage VH, as shown in steps S107 to S109 in FIG. 3.
Aftertime t, in FIG. 9B, because the actual boost voltage VHr
is over the target boost voltage VH,, the deviation is negative.
Accordingly, the controller 90 decreases the engine output Pe
and the generated power Pg of the first motor generator 50.

Further, the controller 90 proceeds to step S208 in FIG. 8
when the engine command value is not equal to or below the
threshold Pee, and determines whether the actual boost volt-
age VHr is equal to or over the third threshold voltage VH,,.
When the actual boost voltage VHr is not equal to or over the
third threshold voltage VH,, the controller 90 monitors the
actual boost voltage VHr by repeating the steps S204 to S208.
When the actual boost voltage VHr becomes equal to or over
the third threshold voltage VH,, the controller 90 proceeds to
steps 5209 and S210 to decrease the engine output Pe and the
generated power Pg of the first motor generator 50.

When the actual boost voltage VHr reaches the third
threshold voltage VH,, at time t,, the deviation of the actual
boost voltage VHr sensed by the high-voltage sensor 85 from
the target boost voltage VH, is (VH,;-VH,) (in negative).
Based on this deviation (VH,-VH,), the controller 90
decreases the command value of the engine output Pe from
Pe, at the operation point OP, at time t, towards Pe, at the
operation point OP;. In this way, as shown by the broken line
in FIG. 9C, the engine fuel consumption rate Fs increases
from Fe, at time t, towards Fe,. Accordingly, the system fuel
consumption rate Fs of the hybrid vehicle 100 also increases
from Fs,, (=Fe,) at time t, towards Fe,.
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As shown in the period from immediately after time t,
shown in FIG. 9E to time t,, the actual boost voltage VHr
decreases by reducing the engine output Pe. When the devia-
tion of the actual boost voltage VHr from the target boost
voltage VH, becomes closer to zero, the controller 90 repeats
the steps S209 to S211 in FIG. 8 to increase the engine output
Pe to Pe, in accordance with the deviation until the deviation
becomes zero. At this time, the operation point of the engine
70 moves from the operation point OP at time t, to the
operation point OP,. Because the engine fuel consumption
rate Fe decreases from Fe, immediately after time t, to Fe, at
time tq, the system fuel consumption rate Fs of the hybrid
vehicle 100 decreases for the amount of (Fe,—Fey). In other
words, the system fuel consumption rate is improved for this
amount.

As shown in FIGS. 9B, 9D, and 9E, when the engine output
Pe becomes Pe, at time tg, the generated power of the first
motor generator 50 becomes Pg, such that the absolute value
Pg, becomes equal to the absolute value of the power supply
Pmt supplied to the second motor generator 60. In other
words, the generated power Pg of the first motor generator 50
and the power supply Pm supplied to the second motor gen-
erator 60 are in a balanced state. Accordingly, the actual boost
voltage VHr sensed by the high-voltage sensor 85 is main-
tained at the target boost voltage VH, after reaching at the
target boost voltage VH, at time tg.

When the accelerator pedal of the hybrid vehicle 100 is
pressed by the driver at time t, in FIGS. 9A to 9E, similarly to
at time t, in FIGS. 4A to 4E, the controller 90 outputs com-
mands to increase the motor torque Tm of the second motor
generator 60 and the engine torque Te of the engine 70. As
shown in FIG. 9E, the engine output Pe increases in response
to this command. Similarly to at time t5 in FIG. 4E, when the
engine output Pe reaches the threshold Pes at time t,, in FIG.
9E and the actual boost voltage VHr is decreasing as shown in
FIG. 9B, the boost converter 20 is restarted as shown in step
S212 in FIG. 8 to return to a normal control.

As described above, with the hybrid vehicle 100 according
to the present embodiment, it becomes possible to effectively
improve the system efficiency of the hybrid vehicle 100 by
reducing the generated power Pg of the first motor generator
50 (power generator) driven by the engine 70 to balance with
the power supply Pm supplied to the second motor generator
60 (electric motor) such that the system fuel consumption rate
Fs of the hybrid vehicle 100 is maintained, for a long period,
below a level applied before the boost converter 20 was
stopped. Further, in the present embodiment, because the
engine output Pe is temporarily reduced after the boost con-
verter 20 is stopped, and then increased based on the deviation
of the actual boost voltage VHr sensed by the high-voltage
sensor 85 from the target boost voltage VH, so as to balance
between the generated power Pg of the first motor generator
50 and the power supply Pm supplied to the second motor
generator 60 to maintain the DC high voltage VH at a constant
level, the DC high voltage VH can be maintained at a constant
level by using a minimum required engine output Pe, restor-
ing the loss of the system of the hybrid vehicle 100 as a whole
to the minimum level. Further, when the actual boost voltage
VHr continues to increase, the boost converter 20 is restarted
to perform a normal operation in which the regenerative
power output from the second motor generator 60 can be
charged to the battery 10. Therefore, the delay in the regen-
erative brake can be restricted, and drivability can be ensured.

The present invention is not limited to the above embodi-
ments. Various changes and modifications within the techni-
cal scope or essential spirit of the present invention defined in
the claims are considered to be included in the present inven-



US 9,272,704 B2

17

tion. For example, the configuration of the hybrid vehicle 100
is not limited to the configuration described with reference to
FIG. 1 in which the output of the engine 70 is distributed to the
first motor generator 50 and the output shaft 73 by the motive
power distribution mechanism 72 and the second motor gen-
erator 60 is connected to the output shaft 73, but as shown in
FIG. 20 in JP 2011-15603 A, the hybrid vehicle may have a
configuration in which a power generator driven by an engine
and an electric motor for driving the vehicle are provided, and
a clutch is provided between the power generator and the
speed-changing gears. The present invention may also be
applied to a hybrid vehicle having a so-called “series-hybrid”
driving mechanism in which a power generator for driving the
vehicle is provided and an engine or a power generator driven
by an engine is also provided independently from the vehicle
driving mechanism. Further, although the above embodi-
ments according to the present invention describe that the
boost converter 20 is stopped when the battery current 1B
sensed by the battery current sensor 83 becomes equal to or
below the threshold 1, because the electric power output from
the battery 10 (battery voltage VBxbattery current 1B) is
equal to the electric power passing through the reactor 12 (DC
low voltage VL xreactor current IL.), and the battery voltage
VB is equal to the DC low voltage VL at both ends of the filter
capacitor 11, the boost converter 20 may be stopped when, in
the place of the battery current IB, the reactor current 1L
sensed by the reactor current sensor 84 is equal to or below the
threshold I,,.
What is claimed is:
1. A hybrid vehicle comprising:
a battery;
a boost converter connected to the battery;
a first inverter connected to the boost converter;
a second inverter connected to the boost converter and the
first inverter;
a power generator connected to the first inverter;
an electric motor connected to the second inverter;
an engine capable of driving the power generator; and
a controller which starts and stops the boost converter,
wherein the controller stops the boost converter when elec-
tric power transferred between the battery and the boost
converter is equal to or below a predetermined threshold,
and drives the power generator by the engine when an
actual boost voltage of the boost converter reaches a
predetermined threshold.
2. The hybrid vehicle according to claim 1, wherein
the controller comprises an engine output adjustment unit
which changes an engine output in accordance with a
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deviation of the actual boost voltage of the boost con-
verter from a target boost voltage.

3. The hybrid vehicle according to claim 1, wherein

the controller comprises a boost converter restart unit
which restarts the boost converter when the actual boost
voltage does not increase even with increase in engine
output.

4. The hybrid vehicle according to claim 2, wherein

the controller comprises a boost converter restart unit
which restarts the boost converter when the actual boost
voltage does not increase even with increase in engine
output.

5. A hybrid vehicle comprising:

a battery;

a boost converter connected to the battery;

a first inverter connected to the boost converter;

a second inverter connected to the boost converter and the
first inverter;

a power generator connected to the first inverter;

an electric motor connected to the second inverter;

an engine capable of driving the power generator; and

a controller which comprises a CPU and starts and stops the
boost converter,

wherein the controller executes, using the CPU, a boost
converter stop program which stops the boost converter
when electric power transferred between the battery and
the boost converter is equal to or below a predetermined
threshold, and drives the power generator by the engine
when an actual boost voltage of the boost converter
reaches a predetermined threshold.

6. A control method of a hybrid vehicle comprising:

a battery;

a boost converter connected to the battery;

a first inverter connected to the boost converter;

a second inverter connected to the boost converter and the
first inverter;

a power generator connected to the first inverter;

an electric motor connected to the second inverter; and

an engine capable of driving the power generator,

wherein the boost converter is stopped when electric power
transferred between the battery and the boost converter
is equal to or below a predetermined threshold, and the
power generator is driven by the engine when an actual
boost voltage of the boost converter reaches a predeter-
mined threshold.

#* #* #* #* #*
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